Soil grown greenhouse crops require high fertilisation rates. Combined with the common practice of over-irrigation, leaching of nutrients is a serious problem. In order to reduce the environmental impact, a 'fertigation' model was developed as a decision support system for irrigation and fertiliser supply. The applicability in growers practice was evaluated during two years on commercial nurseries, growing chrysanthemum (Dendranthema grandiflorum). The evaluation was performed by comparison of the actual water and irrigation strategy of the growers with the strategy recommended by the model in a specific section within the same greenhouse. At one chrysanthemum grower a lysimeter was installed to measure water and nutrient leaching. The model performed well in general, without any yield or quality decline by using the model. The irrigation and the nitrogen surplus were decreased significantly compared to the growers standard and consequently reduced the environmental impact. The results indicate also that application of this model depends highly on the growers' attitude towards the environmental impact of irrigation and fertilisation at one hand and the avoidance of risks at the other.
INTRODUCTION
In contradiction with substrate grown greenhouse crops, soil-grown greenhouse crops in the Netherlands contribute to the pollution by nutrients (N and P) of surface and groundwater substantially (Wunderink, 1996; Boers, 1986) . The main reason is the open character of the root environment, with either free leaching of the irrigation surplus to ground water or to drainage systems with discharge directly to surface waters. Drainage water is (partly) re-used at some nurseries but is not a solution in many cases (Voogt and Korsten, 1995) . The main cause of the important nutrient emission is the high fertiliser supply, not only for the crop demand but also to achieve high nutrient levels in the root environment. Combined with the common practice of over-irrigation and the fact that in the Dutch soil-grown greenhouse crops fertigation is the standard for fertilisation, leaching of nutrients is a serious problem (Sonneveld, 1995) . An apparent solution is to bring down the over-irrigation, to avoid or at least reduce leaching. For this purpose a socalled 'fertigation' model was developed. This is a decision support system for irrigation and fertiliser supply, aiming at supply in match with the crop demand (Voogt et al., 2000) . The objective of this work is to investigate the applicability in growers practice. Chrysanthemum was chosen because this crop is the major soil grown greenhouse crop in the Netherlands, moreover the crop at which the nutrient emission appeared to be severe (Baltus and Volker Verboom, 2005) . The evaluation was performed by assessing the water and irrigation strategy of three chrysanthemum growers during two years, comparing the growers' own strategies with those recommended by the model in a specific section within the same greenhouse. At one nursery a lysimeter was installed to measure water and nutrient leaching. Specific attention was paid to the applicability of the model in the grower's perception of irrigation and fertilization management for their specific growth concept.
MATERIALS AND METHODS
Three year-round chrysanthemum nurseries, situated in a river clay polder in the centre of the Netherlands, each in the vicinity of 10 km from each other were under investigation. The greenhouses were modern and 7, 2 and 1 year old, with a light transmission of 72, 79 and 80% for grower A, B and C respectively. All greenhouses were equipped with supplementary lighting. All three were more or less heavy clay soils, with 21 till 28% clay (< µm) respectively and a ground water level between 80 and 90 cm below field level.
Treatments
Two treatments: Standard and Model were compared at all growers, in adjoining irrigation sections of the greenhouses, both sections differed at maximum only 3 days in planting and the average harvesting date. Standard, the growers' own strategy on irrigation and fertilization was used; Model, irrigation and fertilization was applied according to the model calculations, with the following restrictions: irrigation frequency was performed according to the growers' judgement, for decisions on irrigation quantity and nutrient concentrations the output of the model was leading, however the grower was free to adjust the recommended supply to his own judgment.
The fertigation model used is an empirical model and consists of separate algorithms for the estimation of evaporation and nutrient uptake (Voogt et al., 2000) .
As a consequence of the incomparability of the three nurseries (time, place, growing conditions), no statistical analysis were performed on the data. The yield results of each individual crop were analysed by ANOVA.
Evapotranspiration Model
A linear regression model is used based on variables routinely recorded by climate computers (de Graaf and van den Ende, 1981; de Graaf, 1988) . The total evapotranspiration integrated over time in mm is defined as
where R o = global radiation measured outside the greenhouse integrated over time (J cm -2 ), DM = temperature difference between the heating pipes and the greenhouse air temperature in °C, integrated over time in 'degree minutes', a t , b t = empirical crop factor: 2.0*10 -3 (mm (J cm -2 ) -1 ) and 0.18*10 -4 (mm (°C min) -1 ) for factor a t and b t respectively for chrysanthemum, s = plant size factor, defined as the ratio of the actual plant length (cm) to mature plants (LAI > 3). Equation (1) was modified to the situation in modern greenhouses, with artificial lighting, to introduce the effect of light transmission in and the effect of screening:
where R a = effective radiation from supplementary lighting during operating hours, c = factor for light transmission of the greenhouse, expressed as the ratio of the actual transmission to 0.68 (being the factor of the greenhouses the empirical crop factors a and b were derived from) and s t = factor for opening (1) or closure (0) of the screen. During the cropping period, T c was computed continuously by the climate computers. The necessary driving variables were measured every minute; global radiation was measured with solarimeters; Platinum resistance Thermometers and NTC sensors were used to measure temperature from the greenhouse air and the heating pipes; plant length was determined by an empirical growth curve for chrysanthemum and was weekly checked by observations.
Nutrient Uptake
A simple approach was used, given the fact that nutrient uptake is closely related to the water uptake and that the soil buffer is very large in relation to the daily uptake (Voogt, 2001 ). The total estimated nutrient uptake of one cropping cycle was derived from the linear relationship between expected yield and uptake (Voogt, 2003) . For simplification, the water uptake was assumed to be equal to the evapotranspiration. The total expected water uptake was calculated using eq. (2) and average climatical conditions and development stages of the crop. The total N and K uptake per crop was allocated to weekly periods linearly, based on T c . Subsequently the uptake concentration per period for N and K was calculated by dividing the weekly N and K uptake by the water uptake. Concentrations of Mg, Ca, SO 4 were derived from the calculated N and K concentration and fixed ratios of these elements towards N and K corresponding with the standard recommendation system, from which eventually the basic nutrient solution and the fertiliser recipe were calculated, according to the standard procedure (van den Bos et al., 1999) .
Lysimeter
At grower B a simple lysimeter was installed in the section of the model treatment. A pit of 2.1 * 2 * 0.80 m was made and coated with 1.5 mm polypropylene foil, covering 4.2 m 2 of representative cropping area. The soil was removed in three layers (0-25, 25-50 and 50-80 cm) and after installation carefully replaced. The bottom was funnel shaped and provided with a layer of 10 cm expanded clay granules (fraction 20-50 mm), connected with a drainage reservoir. Drainage water was pumped out by a peristaltic pump provided with an automatic level switch and collected in a tank, for further analysis. The pump flow was logged at the central computer.
Data Collection and Crop Observations
Growers were visited every two-three weeks: for sampling, data collection and exchange judgments of irrigation and fertiliser strategy. Soil samples were taken from soil layers: 0-25 cm and 25-50 cm, analysed for macro elements. At harvest of each crop, plant length, weight and quality class was observed from 5 random spots with each 5 plants, plant samples were dried and analyzed for dry matter and macro-element content by total according to the method described by de Bes (1986) . From all crops observed the irrigation surplus S w ,with respect to the model prediction, was determined as
where I t = total irrigation in mm. S w was calculated for each individual crop using total I t and T c of the whole cropping period. Furthermore S w was calculated as the cumulative irrigation surplus using the cumulative data during the cropping period where I t and T c were reset to zero at te start of each crop. The nitrogen surplus S N was calculated in two ways, as
where N c = total N uptake predicted by the model calculations and N It = total N supplied by fertigation in kg ha -1 , or as
where N m = total N determined by dry matter analysis and yield in kg ha -1 . The output of the three climate computers was compared and verified with off-line calculations, using the datasets from the growers.
Irrigation Strategy
In all greenhouses overhead sprinklers were used. The irrigation frequency was to the judgment of the grower and varied from once a week in winter to every two days during peaks in summer. During the last 2 weeks (winter) or 10 days (summer) of a cropping cycle irrigation was stopped to avoid damage on the flowers. The accumulated water shortage was compensated at the start of the next crop, coinciding with the common practice to apply a large initial irrigation right after planting. The growers' own strategy was based on experience, the actual weather, soil condition and expectancies of the oncoming period, sometimes they used additional information like the actual soil moisture content (tensiometers, manual judgement).
Fertilisation
All fertilisers were supplied by fertigation, except for phosphate. The nutrient solution used differed among the growers, mainly because of differences in K management in connection with site specific soil conditions. The growers' strategy was based on experience and judgement of recent soil analysis. Mainly the EC of the supply was used for adjustments to correct the deviation from the growers' standard. Adjustments to the fertiliser recipe were secondary. At grower B 500 T ha -1 green-compost was supplied in the second year in his whole greenhouse.
RESULTS AND DISCUSSION
No significant differences were found in the observed yields or in flower quality between both treatments in all crops.
The T c over equal periods differed among the three growers (Table 1) . Grower A was approximately 15% lower in transpiration than the other two. This is obviously caused by the lower transmission rate of his older greenhouse. Comparison of the greenhouse computer output and the off-line calculations, showed sometimes unexpected differences. It turned out that these were mainly due to errors in the data registration, however, sometimes parameters were erroneously changed by the grower. This illustrates the need for improvements in the robustness of the application. The irrigation was lower in the model treatment compared to the standard at all three growers. The difference was largest for grower B. Additionally, the total water supply among the three growers was quite different. This is likely to be connected with the growers' own judgments as is demonstrated by the irrigation strategy which is rather different among the growers ( Table  2 ). The lowest irrigations per event were found at grower A, the highest at grower B, in particular the maximum and the initial irrigation, right after planting. These results illustrate the differences in perception towards irrigation management in practice, as was reported also in Baltus and Volker-Verboom (2005) .
As irrigation events are carried out in a 2 till 4 days frequency, the cumulative S w oscillates considerably (Fig. 1) . In agreement with common practice, the irrigation was stopped 10 days till 2 weeks before harvest of each crop, causing a negative S w and so depletion of the soil moisture content during the remaining days (Fig. 1) . The maximum quantity depleted was about 60 mm for crops in summer, which is within the range of available water in the soil profile, nevertheless the shortage is likely to be compensated by capillary rise from the groundwater table, or deeper rooting. The negative accumulated water shortage in a cropping cycle was compensated by the initial and next irrigations at the start of the successive crop. However, the approach of the compensation appeared to be quite different among the growers (Table 2) .
I t was higher than T c in both years for all three growers, but S w was significantly lower in the model treatments than in the standard. S w was higher in year 2 at grower A and B, in particular in the standard. Both growers deliberately decided to the higher irrigation, for grower A it was because of his opinion that the soil profile was drying out too strongly, whilst with grower B, the high compost application had increased the salt content of the soil too much. For both growers there is still a significant difference in S w between the standard and the model treatment. For grower C the results in the first year were satisfying and convincing which moved him to application of the model for his entire greenhouse.
The variation in the results between the growers could not be attributed clearly to differences in greenhouse, soil, hydrology or other characteristics but mainly to their individual attitude. Since they were free in interpretation and actions upon the model output, adjustments were made regularly, based on their own interpretation and experience.
The leaching from the lysimeter matched with the calculated irrigation surplus from grower B in the model treatment over the same period. However because of the bulky volume of the lysimeter, the time delay for drainage is obviously high. A peak in the estimated irrigation surplus can be observed > 24 hr later in the leachate. Moreover, due to the hysteresis effect of depletion and re-saturation of the soil the time constant for the system will be unstable. So the data cannot be used for quantitative validation of the model and are only useful for evaluation on the long run. Over a period of 16 months, the progression of the measured leaching shows a good resemblance with the calculated irrigation surplus (Fig. 2) and eventually the difference is only 10%. Periods of depletion of the soil moisture are obviously not present in the leaching and only visible as a flat period in the curve of the leachate.
Taking into account the variability in conditions of the individual crops, the N uptake as approached by eq. (4) and (5), N c and N m show a acceptable match (Fig. 3) , nevertheless, the result for individual crops varied considerably over two years. According to Zerche (1997) and Gonzalez and Bertsch (1989) the discrepancy will benext to stochastical variation in the tissue analysis -probably connected with site specific conditions (e.g. soil, greenhouse, cultivars) and these parameters are not yet part of the nutrient uptake module. N c and N m are lower for grower A compared to the others in both years and this is likely caused by the lower light transmission of the greenhouse.
As expected, N It was considerably higher in the control than in the fertigation treatment for all growers, due to the higher irrigation in the control. The differences in N supply between the individual fertigation treatment plots should match up with those in the water supply. However, due to specific adjustments in the N concentrations made by the growers, the differences in N and water supply between specific growers or years diverge. Particularly for grower B the contrast between year 1 and 2 is large and is due to a general reduction in the fertiliser supply as a consequence of the additional heavy compost application.
Except for grower B in the 2 nd year (for obvious reasons) the N surplus is positive and clearly much higher in the standard treatments than in the model treatments, irrespective of considering S Nc or S Nm as parameter (Table 3) . Thus, in general the use of the fertigation model reduces excessive N fertilisation, nevertheless in some cases the Nsurplus is still pretty high. Main steps in further improvements are likely to be made if the decisions for actual are more tuned to the results of the fertigation model calculations.
Furthermore, the applicability of the fertigation model has shown to depend highly on the growers attitude towards the problem of nutrient leaching. 
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